The total cross sections for the 120 Te(p,γ) 121 I and 120 Te(p,n) 120 I reactions have been measured by the activation method in the effective center-of-mass energies 2.47 MeV ≤ E 
I. INTRODUCTION
The elements heavier than iron (Z > 26) are mainly synthesized by three mechanisms: the s-process, r-process, and p-process, the latter being the least known among them. The p-process, responsible for the production of 35 proton-rich stable isotopes, can proceed via a combination of photodisintegration reactions -(γ,n), (γ,p) and (γ, α)-on existing heavy s-and r-seeds in the temperature range of 2 -3 x 10 9 K. These high temperatures can be achieved in explosive environments, such as the O/Ne layers of Type-II supernovae [1, 2] . Initially, the nuclides are driven by a sequence of (γ,n) reactions to the proton-rich side of the valley of stability, whereby the binding energies of neutrons gradually increase along the isotopic path. When the (γ,p) and/or (γ, α) reaction rates become significant compared to those of the (γ,n), the reaction path branches towards lower Z nuclei. While the photodisintegration reactions govern the overall reaction flow, complementary processes such as β + decays, electron captures, and (n,γ) reactions may play an important role as well. Recent p-process simulations demonstrate that (γ,α) reactions determine the overall reaction flow in between closed shells and affect the medium and heavy p-nuclei abundances.
On the other hand, (γ,p) reactions provide important links for feeding p-process nuclei [3] . In particular, 120 Te is populated by a sequence of two photodisintegration reactions 122 Xe(γ, p) 121 I(γ, p) 120 Te. Simulations indicate that 120 Te is underproduced in comparison to p-process abundance observations [3] which supports the results of earlier calculations [4, 5] .
These p-process simulations rely on complex network calculations including more than 20000 reactions on about 2000 mostly unstable nuclei. Most of the reaction rates involved in these simulations are based on statistical model or Hauser-Feshbach predictions. The overall reliability of Hauser-Feshbach predictions in p-process simulations has been discussed [5] . Variations can lead to substantial changes in p-process abundance predictions. There is considerable effort to experimentally test the reliability of p-process predictions on selected cases [6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25] . Since the photodisintegration process 121 I(γ, p) directly feeds 120 Te, this reaction provides an excellent case for testing the reliability of the Hauser-Feshbach prediction near the closed proton shell Z=50; 121 I has a high level density near the proton threshold and the reaction should be eligible for the statistical model prediction [26] .
A direct measurement of the γ-induced photodisintegration 121 I(γ, p) 120 Te is difficult since it requires photodisintegration of a short-lived radioactive 121 I isotopes. Direct (γ,p) and (γ,α) photodisintegration measurements have been demonstrated successfully [27, 28, 29] and p-process reactions with Coulomb dissociation techniques will be pursued at future radioactive beam facilities.
Presently the applicability of the statistical model approach is limited to testing the inverse radiative capture reaction process. A measurement of the radiative capture 120 Te(p, γ) 121 I and the nuclear 120 Te(p, n) 120 I reactions does not provide complete information about the reverse photodisintegration process but it is suitable for testing the reliability of the Hauser-Feshbach predictions [30] for these reaction channels. On the basis of the resulting statistical model parameters, the cross section predictions for the photodisintegration process can be directly deduced in the framework of the Hauser-Feshbach model [31] .
The last decade has seen an increased interest in measuring the proton capture cross sections of p-nuclei [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25] . The bulk of these (p,γ) measurements have been done in the lower mass region (A < 100). The cross sections determined in these (p,γ) measurements generally agree with the statistical model predictions within a factor of two. In contrast, very few (p, n) measurements have been performed, again mainly on nuclei in the lower mass range of the p-process such as 76 Ge [10] , 82 Se [11] , and 85 Rb [24] . Measurements on 120 Te expand the range of p-process studies and address a case where the feeding process 121 I(γ, p) 120 Te of a p-nucleus can be studied. After each irradiation, the target was removed from the target chamber and then transported to the off-line gamma counting system in order to measure the yield of the characteristic γ activity of the produced unstable isotopes, 121 I and 120 I.
C. Determination of the activity
The counting system was similar to that used previously to measure the α captures of 112 Sn [7] and 106 Cd [8] . The γ detection setup was composed of two Clover detectors placed face-to-face in close geometry, 4.9 mm apart. In order to reduce the X-rays from the decays, a 0.59 mm thick Cu plate was placed in front of each Clover, so that more than 99% of the 50 keV X-rays were suppressed. The whole assembly was shielded against room background with 5 cm of Pb and an inner 3 mm Cu lining.
The irradiated target was placed in a plexiglass holder, and then inserted into the fixed 4.9 mm gap between the Clovers in order to firmly constrain the center of the detection system for reproducibility of the detection geometry. The γ counting for each run lasted between 1 and 7 h, based on the counting statistics. Each of the crystals were counted individually (the so-called direct mode) in order to decrease pileup and summing [35] . The energies of the crystals were recorded event by event together with the time of the event. A pulser with a frequency 100 Hz was fed into one of the Ge preamplifiers, so that the dead time could be reconstructed as a function of time. Dead time corrections were performed by dividing the decay into sufficiently small time intervals depending on the count rates.
In such a close geometry, which covers a solid angle of nearly 4π, the detection efficiency is relatively high, hence the correction for coincidence summing effects becomes important.
Summing correction factors (between 2% and 14%) were determined by means of summing coefficients modified from Ref. [36] .
The photo-peak efficiency of the detection system was measured by the efficiency-ratio method, which is described in Refs. [7] and [37] . The relative efficiencies were obtained with an uncalibrated 152 Eu source (with respect to the 245 keV line γ efficiency), and normalized to the absolute photo-peak efficiency of a calibrated 137 Cs source. In previous works [7, 8] , the coincidence method was also used and found to be in agreement with the efficiency-ratio method within the uncertainties. The nearly 4π detection geometry allowed the angular 6 correlation to be neglected. The absolute photo-peak efficiencies of the γ transitions used for the products of the investigated reactions, 120 Te(p,γ) 121 I and 120 Te(p, n) 120 I, are given in Table I .
In order to confirm that the analysis of the γ transitions of interest is realistic, the γ peaks Fig. 2 . The 120g I decay curve through the 1523 keV line gives a half-life of (81.3 ± 1.5) min, which is confirmed by the value taken from the literature (Table I) . reactions. The partial cross sections of these (p, n) reactions were measured by using the individual decay parameters (Table I) of the ground and isomeric states. For the analysis of (p, n) data, the 1523 keV ( 120g I) and 654.5 keV ( 120m I) γ transitions were chosen because these two γ transitions are associated exclusively with the decay of ground and isomeric states. The cross sections of these two (p, n) reactions are listed separately in the [42] . For the nuclear level density, the TALYS code uses the parametrization by Refs. [43] and [44] . For the standard settings of the statistical code NON-SMOKER, the optical potential is the widely-used semimicroscopic potential of Jeukenne et al. [45] (JLM) with the low energy modifications by [46] and the nuclear level densities of Rauscher et al. [26] . lower by a factor of 1.3 to 1.7 compared to the predictions (Fig. 4) . That is well within the uncertainty range defined by the standard input parameters for the Hauser-Feshbach models. Similar behavior is seen in some (p,γ) measurements whose references are listed in [12] .
III. RESULTS AND DISCUSSION
For the 120 Te(p,γ) 121 I reaction, the energy dependence of the astrophysical S factor is slightly better described by the statistical model code TALYS with the default parameters at energies below 6.94 MeV (Fig. 4) . The difference between the predictions of the two model codes can mainly be attributed to the different proton optical potential and nuclear level densities used in the codes. In order to try and identify the source of the observed discrepancies between the two calculations, the optical model potentials (OMP) and nuclear level densities (NLD) of TALYS were varied. Various combinations of the nuclear parameters, and their labels, used in the model codes are given in Table V .
The impact of different parameters (as indicated with TALYS-BSFG-JLM for the TALYS S factor predictions) is shown in Fig. 4 compared to the predictions of NON-SMOKER for its TALYS-default CTFG [41] KD [42] NON-SMOKER-standard BSFG [40] JLM [45, 46] standard settings. [47]) without the low-energy modifications, unlike the standard NON-SMOKER (low energy modifications by [46] ). It should be also emphasized that both codes apply the constant temperature formula [44] for the nuclear level density in order to correct the behavior due to the divergence of the Fermi-gas model at very low excitation energies. As the energy increases, the results of TALYS-BSFG-KD predictions deviate from the ones using TALYS with its standard default parameters and shows a similar energy dependence as compared to the standard NON-SMOKER predictions.
In the case of the 120 Te(p, n) 120 I reaction, a better agreement is found between the experimental data and both standard codes (Figs. 3 and 5) . The same variations in the nuclear parameters (Table V) Measurements of the cross sections were performed for a broad energy range, covering the Gamow window centered at 3.53 MeV for T = 3 x 10 9 K. It has been pointed out that in cases where a nuclear reaction proceeds through narrow resonances, an effective stellar energy window can differ significantly from the commonly used Gamow peak [48] . However, for heavier nuclei, the nuclear level density is high, and the cross section is characterized by a multitude of overlapping resonances which is eligible for the statistical Hauser-Feshbach treatment [26] .
The experimental results of astrophysical S factors for the 120 Te(p,γ) 121 I and 120 Te(p, n) 120 I reactions have been compared with the predictions of statistical model calculations using the standard NON-SMOKER code as well as the TALYS code with various combinations of the nuclear parameters (listed in Table V ). The discrepancies in the results between the predictions are relatively small and can be attributed to the choice of nuclear input parameters used in the codes. The S factor results are more sensitive to the OMP than to the NLD in the astrophysically relevant low-energy region, for both (p,γ) and (p, n)
reactions. The best overall agreement is obtained with the OMPs of KD [42] using the code TALYS.
For the 120 Te(p,γ) 121 I reaction, the default setting of TALYS (-CTFG-KD) offers a better reproduction below the (p, n) threshold. Changing the OMP of TALYS to JLM [45] gives a poor reproduction as a whole. The deviations at the very lowest energies are expected because OMP is parameterized as a function of energy over a broader mass region [11] . It should be also emphasized that the (p,γ) S factors are very sensitive to the proton width at the lowest energies [10, 22] .
In the case of the 120 Te(p, n) 120 I reaction, the code TALYS with the default parameters is able to reproduce the data very well except for the point at 6.44 MeV. This has been identified as a threshold effect. The choice of OMPs clearly plays a critical role over the entire energy region. It should be emphasized that (p, n) reactions are also sensitive to the proton width at all energies [10, 22] .
Overall, the results of the experiments indicate good agreement with the theoretical predictions within the uncertainty range of the nuclear structure input parameters for the model predictions. This confirms earlier observations of p-process reaction measurements on lower Z targets and confirms the validity of Hauser-Feshbach model applications for p-process reactions over the entire mass range from Z=35 to Z=52. The results for the specific proton capture reaction on 120 Te suggests that the Hauser-Feshbach predictions for the inverse stellar photo disintegration process [31] are also reliable within the model uncertainty range.
